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Abstract 

In light of the large number of empii-ical studies of agroforestry adoption published during the last decade, we 
believe i t  is time to take stock and identify general determinants of agroforestry adoption. In reviewing 120 ar- 
ticles on adoption of agricultural and forestry technology by small holders, we find five categories of factors that 
explain technology adoption within an economic framework: preferences. resource endo~vnzents, nzarket incm- 
rives, hiopl~ysical factors, and risk and imcerlcrin~. By selecting on1 y empirical analyses that focus on agrofor- 
estry and related investments, we narrow our list down to 32 studies primarily from tropical areas. We apply 
vote-counting based meta-analysis to these studies and evaluate the inclusion and significance of the five adop- 
tion factors. Our analysis shows that preferences and resource endowments are the factors most often included in 
studies. Ijowever, adoption behavior is most likely to be significantly influenced by risk, biophysical, and re- 
source factors. In our conclusion, we discuss specific recommendations for the next generation of adoption stud- 
ies and rneta-analyses that include considering a fuller menu of variables. reporting key statistics and marginal 
probabilities, and conducting weighted meta-regressions. 

A growing interest in adoption behavior 

Despite some inipresstve scientific and technological 
advance5 over the last three decades, agroforemy ru- 
ral development projects have experienced uneven 
success rates in many parts of the world tiue to inad- 
equate adoption rates andor abandonment soon after 
adoption. Faced with this situation, Sanclicz (1995) 
highlighted 'the need to develop a predictive under- 
standing of how farm households make decisions re- 
gdrdlilg land u ~ e , '  as others argued for more 5ocio- 
economic research on agroforemy (Current ct dl 

1995a, Mercer dnd Miller 1998) Soon theredfter, 
Agr(;Jbresrr). Systems, Agricultut-ul Econotnics and 
other academic journals began to publish empirical 
adoption studies at a rapid rate, reflecting researchers' 
efforts to better understand the behavioral compo- 
nents of agroforestry adoption. Seven years after 
Sanchez's call to action, we believe that it is time to 
step back and take stock of what we have learned 
froin the numerous einpirical studies on aproforestry 

adoption. Specifically, we compare and combine the 
specific cases described and modeled in the published 
literature to find general patterns in agroforestry 
adoption. Such a review also responds to Schesr's 
(1992, p. 807) call 'to improve our skill in collecting 
and analyz.ing existing information' in order to under- 
stand agroforestry adoption. 

Most of the recent adoption studies explain how 
various farmer, farm, and project characteristics are 
correlated with past adoption behavior, based on bi- 
nary choice regression niodels estimated from house- 
hold surveys that represent a single snapshot in time. 
Because many of [he studies fail to link the empirical 
analysis to underlying theory and use only a few k c -  
tors in regression motlels of adoption in limited geo- 
graphic areas, they cannot off'cr a general predictive 
understanding of farmers' adoption decisions. In gen- 
eral, it is difficult, if not inappropriate, to generalize 
from these adoption studies due to limitations of (a) 
populations sampled, (b) time dimension considered, 
(c) factors and vaiiablcs included, and (d) variation 



in technology or policy variables. Therefore, in this 
paper we: (1 )  review the general adoption literature 
to identify the major deternlinants of technology 
adoption and (2) combine information from 32 agro- 
forestry adoption studies in a simple meta-analysis to 
evaluate the influence of general factors on agrofor- 
estry adoption. To our knowledge, this represents the 
first meta-analysis of agroforestry adoption studies. 

Simple meta-analysis: a systematic way to learn 
about agroforestry adoption 

Good literature reviews or surveys are useful because 
they provide (a) an immediate access point to the lit- 
erature for those new to an area, and (b) a useful way 
to update ntaterial for practicing researchers. flow- 
ever, even the most thoughtful review of large collec- 
tions of empirical studies offers limited benefits due 
to the heterogeneity of the literature (Cook et al. 
1992). In the context of agroforestry adoption, we can 
improve on conventional reviews of quantitative, em- 
pirical literature by asking whether a group of studies 
can collectively provide a richer picture of the deter- 
minants of agroforestry adoption than can be devel- 
oped from a qualitative comparison of the individual 
study features and results. 

Meta-analysis includes several quantitative meth- 
ods for synthesizing results and generalizing from a 
variety of research methods, including opinion sur- 
veys. correlation studies, experimental and quasi-ex- 
perimer~tal stutlies, and regression analyses (Cook et 
al. 1092).' As Stanley (2001, p. 131) describes it, 
'[nteta-analyses] act as intelligent agents searching 
through mountains of potentially contradictory re- 
search to uncover the nuggets of knowledge that lie 
buried underneath.' For most intents and purposes, 
study level summaries are analyzed like any other 
data, permitting a wide variety of quantitative 

'See Smith and i'atranay~k (2002) for a recent review of the sp- 
plications of meta-analysis in cnvironrnental and resoorce ecooonr- 
I C I  

methods.' If study characteristics differ in a system- 
atic manner, meta-analysts construct indicator (mod- 
erator) variables of the differences between study 
characteristics and test whether those explain differ- 
ences in the main results of the individual studies. 
Examples of moderator variables include charaeteris- 
tics of research design, sample, resource quality, and 
policies. 

In the simplest type of meta-analysis, called the 
vote-counting method, the analyst counts the number 
of studies that found a statistically significant result, 
for example a positive correlation between tenure and 
agroforestry adoption. For each variable, the number 
of votes can be used to identify a 'winner' or a gen- 
eral relationship that is consistent across studies. Con- 
tinuing our previous example, if 9 out of 12 empirical 
studies found a positive correlation between tenure 
and agroforestry adoption, we can be fairly confident 
of the general correlation between tenure and agro- 
forestry adoption. As such, vote-counting provides a 
useful starting point for a systematic assessment of 
multiple studies. 

More rigorous meta-analysis techniques use re- 
gression analysis that includes study characteristics as 
moderator variables (unique to the method, site, sam- 
ple, etc.) to test for statistical significance, measure 
experimental effects, and explain heterogeneity of ef- 
fects and significance. We could not conduct meta-re- 
gressions because of data constraints in the agrofor- 
estry adoption studies. Specifically, we are restricted 
by (a) the discrete choice nature of the dependent 
variable (adopt or not adopt), (b) insufticient sum- 
mary statistics on  explanatory variables, and (c) miss- 
ing data on marginal probabilities of adoption (effect 
sizes). 

2Tllere are 3 few cautions in the przlcrice of meta-analysis. First, 
rneta-analysis can reduce but not remove subjectivity, hecause the 
technique brings together :I rlurriher of studies and Ole arialyst is 
ohviously strll instrumental in their selection. Selection may he 
based on arbitrary criteria such as statistical cut-off points and the 
compatibility of (bra ilseti. Second, a big assumption of meta-anal- 
ysis coricerns the separability of studies, and the f:ict that each 
study examined should be clearly distinct from others. How?vcr, 
studies draw on each other - particularly those that are ilt a roeta- 
analysis by vinue of being in the rclev;int published literature. 
Conseqoently, error correlation m:ry he problematic in the more 
sophistic:~led meta-regressior~ approaches. Third, a number of pro- 
fession:tl stttdies m:ty not be :rvail;)ble for analyses hecause of con- 
fidentiality concerns :~nNor lack of interest in puhlic:~tion. Founh 
and perhaps the most limitilrg for economic studies, is that micro- 
economic ernpiric:il methotis ;ire typic:iily quasi- rather *an strict 
experiments. Unlike strict expe~-ilnent:~I settings, the reporting of 
assun~ptions, error disrrihutions, and data idiosyncr;isies :ire not 
st:tndardizeti. 



What influences technology adoption? 

Scherr (1992) has argued that the uniqueness and 
complexity of agroforestry technology in the form of 
(a) multiple interacting ontputs, (b) temporal variabil- 
ity, (c) multiple economic contributions, and (d) off- 
farm impacts has hampered both conceptual and em- 
pirical economic analysis. Nevertheless, she concurs 
with Anderson (1992) that insights from the applica- 
tion of investment theory to agriculture, soil fertility, 
forestry, and pasture, all of which deal with complex 
durable assets, are transferable to 'agroforestry eco- 
nomics'. Indeed, as shown by Amacher et al. (1993) 
and Mercer and Pattanayak (2003), key features of 
investment theory are readily applied to construct a 
skeletal model of (and compound hypotheses regard- 
ing) agroforestry adoption. 

Consequently, we review the agroforestry adoption 
studies within the general framework of agrici~lture 
and forestry technology adoption. First. we discuss 
our findings from a systematic review of the larger 
literature on agriculture, forestry and agroforestry 
technology adoption based on 120 empirical studies 
of technology adoption, paying particular attention to 
the seminal survey by Feder et al. (1985) and a re- 
cent study of sustainable agricultural intensification 
by Clay et al. (1998).3 Then, we review the empirical 
agroforestry adoption literature to catalog specific ex- 
planatory variables that correspond to the categories 
of determinants described in the general literature. 
Table I presents a list of the 32 agroforestry adoption 
stt~dies used for the analysis. 

Belhre we turn to the categories and their constit- 
uent variables, consider two caveats regarding the cat- 
egorization. First, these are not mtit~laliy exclusive 
categories because of complementarity and/or corre- 
lation between categories. '1.0 some extent, these in- 
ter-re1;itionships arise because we are using 'economic 
lenses' (or an economic fran~ework), which catego- 
rize all non-economic elements (physical, institu- 
[ional, etc.) in terms of economic incentives, con- 
straints, or expectations and integritte them within one 
framework." That is, we can view all non-economic 
clrivers as implicit economic tleterminants of adop- 

'('orrt:tct the ;ruthors for a fill1 list of the 120 empirical studies. 
'For example, a bio-geo-cheniical or p1iyaic;il feature can be treated 
:IS p:rn o f  a technical constr;linr to the objective nraximi~ation pro- 
crss. Consequently, the non-econon~ic fe;tlure will have a shadow 
price or value with econornic interpret:~tions. A cyi~ic might view 
thcse :is crrnalrtic categories. In contrast. ;I purist rriipht be able to 
rtlcntify furthcr sob-c;rregories or other categories. Recognizing that 
i t  will be impossible to p1e:lse all  re;rdera. we prcserit the set with 
which we :,re moat comfonahlc. 

tion. Second, in a world of limited research resources 
and less than exhaustive lists of explanatory variables, 
investigators may have employed the same variable 
to proxy for different underlying pressures. Thus. we 
can always debate whether a specific variable accu- 
rately proxies specific relationships and pressures, 
and the reader may interpret these proxies differently. 

Our review of the broad literature on agriculture 
and forestry technology adoption produced the fol- 
lowing five general categories of tieterminants: 
farmer preferences, resource endownzents, rnclrket in- 
centives, bio-pfiysicml factors, and risk and 
uncer~ainty .~  Each is briefly described below. 

1. Preferences are placeholders for the broad cat- 
egory of farmer specific influences such as risk toler- 
ance, conservation attitude and intra-household ho- 
mogeneity. Because farmer preference effects are 
difficult to measure explicitly, socio-demographic 
proxies such as age, gentler, education, and social sta- 
tus are used instead. There may be some issues with 
whether these variables are good preference proxies. 
For example, education levels may also measul-e the 
opportunity cost of labor investments in agroforestry 
technology. Gender or the percentage of males may 
reflect the resource capacity of the household. Based 
on the signs of association we found in the literature 
(as seen in Table 2), we believe that these are best in- 
terpreted as preference proxies. However, we also 
mention alternative interpretations when they are dis- 
cernible. It is impossible to determine a priori the di- 
rection of the influence on adoption of this broad cat- 
egory. 

2. Resource endo~~nzents measure the resources 
available to the technology adopter for implenienting 
the new technology. Examples of resot~rce endow- 
ments inclutie asset holdings such as land, labor, live- 
stock and savings. Generally, resource endowments 
are likely to be positively correlated with the prob- 
ability of adoption. However, it is likely that different 
endowments will encourage different types of agro- 
forestry practices. 

3. Murket incentives include factors related to ex- 
plicitly lower costs andor higher benefits from tech- 
nology adoption. This factor focuses on the explicitly 
economic determinants of adoption such as prices, 
availability of markets, transportation, and potential 

'In previous reviews of the literature on snrallholder tree culriv:i- 
tion and :igroforearry. Godoy (1092) :in11 Rez~rdon (1992) identified 
several v:iri;tbles (e.g. prices, tenure, infonnation. credit, govem- 
ment policies, and 1;ihor) that f i l l1  within our ge~~cral c:rtegories of 
key detennin:rnts of :tdoplion. 



liiblr I. Ernpiric;~l stuclies of agroforestry and re1;ltecl technology adoption 

Author (s) Year Country Model Type of investment 

Adesina and Chinan 

tldesina et a!. 

Ayuk 
Caviglia arid Kahn 

I.apar :mci Pandey 
I'attanayak and Mercer 

Shively 

Shivcly 

Alavalapati et al. 

Allen 

Amaclier et :I]. 

Resley 

Glendinning et al. 

I.ucas anti Nwonwu 

1.intle-Rahr 

Mercer and Snook 

Otsuka et al. 

Owuhah t't al. 

I'isdneli et al. 

Solam et al. 

Thacher et 31. 

Pomp and Burger 

Anderson el al. 

Baidu-Forson 

Caveness and Kunz 

Clay et :I). 

I'csather and Alnz~cher 

I'attanayak 

Patt:tnayak 

I'ender ;nit1 Kcrr 

Shiferaw and Holden 

Traore et al. 

Nigeria 

C:~meroori 

Afric:~ 

Brazil 

Philippines 

Philtppines 

Philippines 

Philippines 

India 

Swa~il:md 

P;~kiston 

(;han:i 

1ndi:i 

Keny:~ 

Vietnam 

Mexico 

Inclonesh 

(;hen;i 

Kenya 

Bangl:tdcsh 

Costa Kica 

Indonesia 

1JSA 
Niger 

Scnegal 

Rw:tndn 

USA 

Incionc\ii~ 

Indonesia 

Indi:~ 

Ethiopia 

(::lll:l<iil 

probit 

logit 

t-tests 

1-tests 

linear probability 

logit 

logit 

probit 

logit 

tobit 

linear probability 

gls 

prohit 

prohit 

alley farming 

alley fanning 

live hedges 

inter-cropping perenriials 

contour hedgerows 

contour hedgerows 

contour hedgerows 

contour hedgerows 

1ionteg;aderts 

tree plantirtg 

tree planting 

tree planting 

tree planting 
tree planting 

tree planting 

tree planting 

tree planting 

tree planting 

tree planting 

tree planting 

tree planting 

cocoa planting 

laser leveling of fields and basins 

tassa' (water harvesting end nutrient concentration) 

live fences, windbreaks and hornegarciens 

hedgerows, grass strips, anti-erosion ditches, terraces 

manure, legumes, split N2, irrigation schetluling, deep soil nitrate testing 

contour farming 

crosion control 

hunds, tir;~ins, w:iteways, gully checks, grass strips 

eanh Xr stone bunds, level bunds, graded fanya-juu 

chisel plow. \hallow sweep, ntinin~um or no-till 

income losses or gains. Clearly, a factor that is ex- 
pected l o  increase the net benefits associated with the 
technology is likely to be a positive influence on 
adoption. 

4. Rio-physical facrors relate to influences on the 
physical production process associated with farming 
;tnd/or forestry. Lixamplcs iliclt~ifc soil quality, slope 
of farmland, and plot s i x .  In general. poorer bio- 
physical production conditions (c.g., greater slope or 
potential for high erosion) create a positive incentive 
to adopt technologies that will alleviate these situa- 
tions. ttowever, it is also possible that some farms are 
of a quality that is below the threshold of useful in- 
vestment. 

5. Risk and ~cncerrainty reflect the unknowns in the 
market and institutional environment under which de- 
cisions are made. Examples of short-ienn risk and 
uncertainty include fluctuations in colnmodity prices, 
projected output and rainfall. To some degree, uncer- 
tainties of the new technologies are mitigated by pub- 
lic inputs such as extension and training, and their 
private complements such as household familiarity o r  
related expel-ience. Tenure insecurity is an example of 
long-term risk and uncertainty. Given the long gesta- 
tion period of investments in farming and forestry, 
lower risk and uncertainty will in general foster tech- 
nological adoption. The multiple-output, multiple-in- 
put, multi-seasonal character of agroforestry makes it 
a potential mechanism for reducing risk and uncer- 



tainty by diversifying the farmer's portfolio and 
therefore a good candidate for adoption by small 
holcfers (Scherr 2000; Franzel and Scherr 2002). 

f'r-efer-erlces, resources, mclrket incentives, bio- 
phv.sicul fiictors und uncertaitltv, thus. constitute the 
five factor clusters influencing the adoption of tech- 
nologies such as agroforestry (see Amacher et al. 
(1993) and Mercer and Pattanayak (2003) for a for- 
mal integration of these factors). Preferences define 
the objectives and motivations of the econornic agents 
choosing technologies. Resource endowments enable 
their tecllnology choices. Market incentives and bio- 
physical factors condition the extent. timing and na- 
ture of the technology choices. Finally, risk and un- 
certainty can seriously undermine investments that 
pay dividends only in the long nln. 

Data collection for vote-counting meta-analysis 

Our review of adoption studies is restricted to either 
peer-reviewed publications or draft mmartuscripts in the 
review process. Even though a meta-analysis seeks to 
synthesize results from a variety of research methods, 
including opiniorl surveys, correlation studies, exper- 
imental and quasi-experimental studies, and regres- 
sion analyses, the central task is to compare compa- 
rable~ (Smith and Pattanayak 2002). Consequently, 
although we started with a set of 120 articles on adop- 
tion of agriculttlral and forestry technology by small 
holders, ultimately, based on the crlterla of (a) multi- 
v;irtate empir~cal dnalysi\ and (b) focus on agrofor- 
estry and related technology 1nve5tments, we nar- 
rowed our l ~ s t  to 32 stud~cs 'hen ty  two of the thirty 
two 5tudies rnvestlgatc plant~ng trees or hedgerows on 
farms. The remaining nine studies examine various 
soil and water conservation investrnertts by small 
farmers, including contour Sarming. For the remain- 
der of this paper, we refer to these two sets as the 
partial (22 agroforestry studies) and expanded (32 
studies of agroforcstry and related technology invest- 
ments) sample. We detined empirical analysis as mi- 
cro-econonlic studies that (a) used household survey 
data, (b) reported descriptive statistics, and (c) pre- 
sented empirical results of multivariate analysis of 
technology adopt~on " 

Our 'inalysls excludes a \et of ctud~es In Current et 
'11 (199%) and Franlel ,~nd Scherr (2002) bec'luse 

'In :rdtlition. we re\.icwed 20 otlier ernpiric:ll ;itfoption studies on 
related topics. 12 o n  high yielding v;~riety seeds and 8 on pesti- 
citlcs and fertilizers. These ;ire nor ~ncluticd in the paper. 

they do not satisfy these criteria.' The studies in Cur- 
rent et al. (199%) apply informal surveys, in-depth 
interviews, and focus groups with participating farm- 
ers to measure costs and benefits of agroforestry 
projects. They also offer informal observations on the 
differences between adopterslparticipants and non- 
adopterslnon-participants. Franzel and Scherr (2002) 
include five case studies from Africa on particip;ttory 
~ n - ~ i r m  trials using farming systems methods and 
drawing on an eclectic set of methods including for- 
mal surveys by economists, research trials by bio- 
physical scientists, participatory methods by anthro- 
pologists, and informal experiments by farmers. 
Collectively, these studies help us measure agrofor- 
estry returns and understand whar a farmer would get 
from agroforestry, rather than who adoprs agrofor- 
estry. Although these are related questions, their fo- 
cuses and findings are not comparable to the studies 
considered in our meta-analysis. Specifically, they do 
not (a) have samples including adopters and non- 
adopters, (b) therefore do not statistically analyze the 
relationship between observable characteristics and 
the probability of adopting agroforestry, and (c) do 
not evaluate multiple determinants of adoption. Cer- 
tainly, both types of studies are valuable. but the pur- 
pose of our paper is to compare studies that use sim- 
ilar enough methodologies to make the comparison 
meaningful. We focus on the statistical ~nodels of 
adopiion using survey data, not because they can an- 
swer all of our questions about agroforestry, but be- 
cause they are an important and common part of the 
literature that we believe can be advanced by a sys- 
tematic and quantitative comparison of results. 

In Table 1, we describe the studies included in our 
analysis in terms of agricultural aitd/or forestry in- 
vestment. analytical method, location, author(s), and 
year. The studies are predominantly from tropical set- 
tings in Asia or Africa, with Indonesia, Philippines, 
and India being the countries most represented in 
these empirical assessments. A majority of these stud- 
ies (23) have been published, submitted for publica- 
tion, or made publicly available within the last 5 
years. 

For each study, we reviewed the text and the tables 
to identify variables that f i t  our five categories of 
adoption influences - preferences, resource endow- 
rnmts, murket incentives, bio-physical fizcror.~, and 
risk arlri uncertczintj7. We identified several variables 
within each of these broad categories and applied the 

'Wc t1i:ink a reviewer for pointing us  to this 1ircr:iture 



7irhle 2. Votes on the detennin:lntc of :rgroforestry adoption - p:~rtlal sample* 

Included Significant lnsigrrificant lnclutled % Significant % Significant 9% 

Pos. Neg. (included studies) (all studies) 

Prefert,nce Proxies 47 6 41 % 

Educ:~rion 17 3 1 13 7 7 8  24% 

Age 14 4 0 10 64 8 29% 
Gender 8 5 0 3 36% 63 9" 

Social Status 

Resource Endowments 

lncolne 
Assets 

1,:ihor 
Idivestock 

CrediVSavings 
Market Incentives 

Potential Income Gain 
Ilisiance to Market 

Price 
Bio-physical Factors 
Soil 

Slope 
Plot Size 

Irrigation 
Risk and tincertainty 39% 78 % -30 % 

Tenure I I 6 1 4 50% 64% 32% 

Experience 10 7 2 I 459 90% 40% 

Fxten\ion 6 6 0 0 27% 100% 27% 
Member\hlp 7 4 0 3 32% 57% 18% 

*This sample co~npriscs 23 empiric:tl studies that investigate plariting trees or hedgerows on farms. Details on the iricluded stildies such as 
author(s), pear, loc:rtion, are provided in Tihle I 

vote-counting method to eacli. That is, for each study, studies including each variable. Although all five cat- 
category and variable, we determined whether there egories of variables are about equally likely (30110% 
was a statistically positive or negative relationship of the time) to be included in models of agroforestry 
with the adoptiori decision. Variables with statistically adoption, preference proxy variables are most often 
insignificant correlation were assigned a '0' label. If included while bio-physical variables are least often 
a study did not report results for a particular variable, included. Looking at individual variables, education, 
we left the cell as a blank 

Vote-counting results 

labor, plot s i x  and age are the most common varia- 
bles, present in approxin-rately 65% of the enipirical 
models In contrast, price incentives, social status, 
savings and credit are the least common variables, 
being present in only about 5-15% of the models. 

O V P ~ ~ I C W  lncluslon of these categories and/or variables in 
the model, however, does not necessarily mean that 

The result? of the vote-count meta-analysis are pre- they influence the adoption decision. For a better as- 
sented In Table 2 (partial sample) and Tijble 3 (ex- seqsment, conslder the percentage of the studies that 
panded sample). First, examirie the second column in found a significanr effect for a variable or fhctor out 
'Tables 2 and 3, which sliows the total number of of all the studies that iilcludpd the variable or factor 
studies that inclutied each variable, and the sixth col- (column 7, 'Significant Percent (included studies)'). 
umn (Included %,) which shows the percentage of On this count. risk and uncertainty (78%), market In- 



7izhle 3. Votes on the dctemin;ints of agroforestrv adoption - exvandeti sample** 

Included Significant Irrsignificant Included % Significant 9% Significant % 

Preference Proxies 

Etlu~:it~on 

Social St:ttus 

Resource Endowments 

Assets 

1,abor 

L.iveatock 

CreditiSavings 

Market Incentives 
Potential Income Gain 

Ijistance to Miirkei 

Price 

Rio-physical Factors 
Soil 

Slope 

Plot S i x  

Irrigation 

Risk and Uncertainty 

Tenure 

Experience 

Pos. Neg. (includeti stutiies) (all studies) 

Extension 10 9 0 1 32% 90% 29% 

Mcrnhership 9 4 0 5 29% 34 70 13% 

**This sample comprises 32 enipiric:il studies that investigate tree pl;inting, hedgerows and various soil Kr water conserv:ltion technologies. 
Details on the includetf studies such :is author(\). year. loc:ttion, ;ire provided in Xihle 1 

centives (73%), bio-physical factors (64%), and re- for comparing the size o f  the variables' influence. 
source endowments (60%) are most likely to impart a Second, given the predisposition towards 'signifi- 
statistically significant effect. In contrast, at 41%. the cance' in the literature, investigators tend to focus on 
prefererice proxies are least likely to show a statisti- finding significance in their analyses and to include 
cal infltience. Turning to ir~dividtlal variables. assets, only variables with significant coefficients in their re- 
savings-credit, price. and extension are statistically ported models. That is. [he probability that the stud- 
significant in 100% of the models that include these ies report a significant result is conditional upon the 
variables. At the other end, 'livestock' is statistically study including the variable in the analysis. The final 
significant in only 17% of the models. These patterns row in Tables 2 and 3, 'Significant Percent (all stud- 
are generally consisterit (except 'irrigation') for the ies)'. shows the percent of all the studies in the sam- 
expanded sample of cases that include the 'soil and ple that found sig~iificant results.' Finally, the statis- 
water conservation' studies in Table 3. tical signilicance measure simply records whether the 

I t  is important ro recogni~e three caveats regard- variable was sigriificant and not whether the direction 
ing statistical significance (McCloksey and Ziliak of its influence is consistent across studies. As in the 
1096). First, sratistical significartce is only part of the case of plot or farm size, the correlation with adop- 
story; i t  says nothing about the size of the influence 
on adoption. Unfortunately, the studies eirher do not T h i s  is simply the protiuct of the number in the 5th column and 

report or do not provide detail to the the nuniher in the 6th column, and is therefore srnnller than the 
iiunlbers in 6th column. That is, if we accoi~nt for the possibility 

marginal probability of adoption, which is required that insignificant results are not reponed, it is harder to find 'sig- 
nificant' f;tctors. 



tion is split between being positive and negative. We 
discuss these issues in more detail for each category 
and variable below. 

and ethnicity proxy for the risk-taking characteristics 
of farm ho~~seholds.  

Resource endowrnenr.~ 

Preference proxies such as education, age, and gen- 
der are included in 47% and 48%: of the partial :ind 
expanded samples. Preference proxies are included in 
atloption studies more than other categories, and tend 
to have reasonable statistical power - they are signif- 
icant in 41% and 48% of the cases, when included. 

Education: To proxy education levels, most stud- 
ies measured the average level of education of all 
household members or  simply the education level of 
the household head. This variable is incltided in 77% 
and 81 % of the partial and expanded samples. ;i clear 
indication of the popularity of this variable as a po- 
tential determinant of adoption. I-lowever, when in- 
cluded in a study, education is statistically correlated 
with adoption in only about 24% (40%) of the partial 
(expanded) sample. As suggested in the previous sec- 
tion, one possible explanation for this poor statistical 
perfor~nance is that education might be proxying for 
opportunity costs of labor investment required to im- 
plement new technology as well as the willingness 
and ability to experiment. 

Age: 'The age variable is measured, as in the case 
of education, as the average age of all household 
~nembers or the age of the household head. I t  has been 
iriclr~ded in 64% and 68% of the partial and expanded 
samples. It performs poorly in statistical terrns with a 
significant coefficient in only 29% (24%) of the stud- 
ies that include it in the partial (expanded) sample. 
When significant, it is positively correlated with the 
adoption decision. 

Gender: 'The gender variable is measured by pro- 
portion of males in the household and included in 
36% and 32% of the partial and expanded s;imples. 
Among the preference proxies, i t  is the one with the 
highest exp1an;ltory power and is significant in around 
60%) of the models that included i t .  Ilouseholds with 
a higher proportion of males are more likely to adopt 
agroforestry technologies. As suggested earlier, in ad- 
dition to a preference effect, this may :tlso reflect the 
resources of the adopting houseliolds. 

Socio-cvlrural S ~ C Z ~ M S :  Only about 10% of the par- 
tial and expanded samples have included any mea- 
sures of socio-cultural status to explain adoption be- 
havior. 'Two measures considered are ethnicity and 
caste. The authors argue that attributes such as caste 

Measures of resource endowment, such as income. 
assets, labor, etc. are included in 38% of the partial 
sarnple ant1 41 % of the expanded sample. Collectively 
they do a good job of explaining the statistical vari- 
ation in adoption patterns with resource variables 
achieving significance in approximately 60%-65% of 
the models when included. The sign of the correla- 
tion is consistently positive across different measures 
of endowments. 

Income: Measures of income are based on a vari- 
ety of income sources (including, but not liniited to, 
agriculture, wage, off-Farm, and total) and are in- 
cluded in 55% and 58% of the partial and expanded 
samples. Income variables are statistically correlated 
with adoption in 50% and 61% of models that include 
them in the partial and expanded samples. The asso- 
ciation is typically positive, although not always. It is 
possible that a smallholder who relies on farming as 
the dominant source of income may not risk invest- 
ing in an unknown technology. At the other extreme, 
if non-farm sources dominate income earnings, the 
small holder may hove no interest in farming technol- 
ogy. These may explain the few exceptions to the 
generally positive relationship between income and 
adoption. 

Assets: This category includes several different 
variables including land holtjings, condition of land 
(irrigated), house type, value of durables, and motor 
vehicle. Assets have been included in 36% and 39% 
of the partial and expanded samples and are statisti- 
cally correlated with adoption in 100% and 92% of 
the models that include them in the expanded and 
partial samples. Overall. we find a consistent and un- 
a~nbiguous positive influence of assets on agrofor- 
estry adoption. 

Libor:. The labor variable is typically based on ei- 
ther the size of the family or the number of adults 
andor  males in the family. Measures of labor endow- 
rnents have been included in 68% and 74% of the 
partial and expanded s;tmples and are statistically sig- 
nificant in 3300 and 39% of the models that include 
them in the partial and expanded samples. 'The sign 
of the correlation is found lo be quite consistently 
positive across the cases. 

Livestock: Although livestock, typically measured 
as a count, could be rolled in with other assets to 



proxy household wealth, we have separated it out be- 
cause it is a key element of certain agroforestry sys- 
tems. 1,ivcstock is included in 27%) arid 29% of the 
partial and expanded samples but is statistically sig- 
nificant in only 17% and 33% of the models that in- 
clude it in the partial and expanded samples, with the 
expected positive correlation. The low statistical 
power could be due to the fact that most studies do 
not consider livestock-based agroforestry systems in 
which fodder is a key output. Moreover, as pointed 
out by a reviewer, many fodder based agroforestry 
programs are focused on selling fodder in the market. 
Therefore, the farmer mey not own any livestock, but 
might still be interesteci in agroforestry that generates 
fodder. 

Crdit/Savings: Availability of credit or savings is 
included in only 5% and 6% of the partial and ex- 
panded samples. 'This is not surprising, given that for- 
mal credit is rarely available in rural areas in tropical 
countries. However, when included i t  has the ex- 
pected positive and statistically significant influence 
in 100% of the cases. It is possible that credit was in- 
cluded in the analysis only when i t  was found to be 
statistically significant. 

Distance to market: Probably because of the lim- 
ited by the availability of geographical detail in the 
data, only 32%, of our partial sample and 26% of the 
expanded sarnple include this variable. However, dis- 
tance to market is statistically significant in over 70% 
of these cases, with the expected negative correlation. 
In many ways, the tlistance variable is capturing a 
price effect and may, therefore, be directly correlated 
with our next variable in this set. 

Price efect: Only 9% of the partial sample and 
16% of the expanded sample include prices in their 
analyses. The typical limitations on this variable in- 
clude lack of geographical detail and insufficient sta- 
tistical variation in studies using cross-sectional data 
(which encompasses all our studies). When included, 
price is statistically cor~elated with the adoption 
choices in 100% and 40% of the partial and expanded 
samples, presumably due to insuficient statistical 
variability. Note, in the two cases of statistical signif- 
icance the sign of the effect is positive in one case 
and negative in the other case. This can be explained 
by the fact that the price in tlie first case is for fuel- 
wood - an output of agroforestry, and the price in the 
second case is for capital (interest rate) - a potential 
cost of consenlation investments. 

Market incentives 
Rio-physical factors 

Adoption studies generally do not include direct mea- 
sures of market incentives in the empirical models, 
except for some subjective or objective measure of 
potential income gains (included in 59% of the par- 
tial sample and 61 % of the expanded sample). On av- 
erage, market factors are inclutfed in about 33% of the 
studies in the partial sample and 34% of the expanded 
sample. With regard to statistical significance, the 
market/econo~nic variables perform quite well, being 
statistically significant in over 55% of the studies that 
include them. Typically, market incentives are posi- 
tively correlated with the adoption choice. 

Potential Income Gain: Among the market incen- 
tive variables, potential income pain is by the far the 
most likely variable to be included in models of adop- 
tion. Measures of potential gain range from direct 
'subjective estimates of yield' to indirect measures 
such as the current levels of activities likely to be af- 
fected, e.g. farm income. As a consequence of these 
indirect attributions, it is not surprising that the sta- 
tistical significance of the variable is somewhat tenu- 
ous. A significant positive influence is evident in only 
about 46%' and 58% of the models including this var- 
iable in the partial arid expanded samples. 

Bio-physical factors have been included in only 27% 
of the partial sample and only 37% of the expanded 
sample. The exception is the 'plot size' variable, in- 
cluded in about two-thirds of the studies. When in- 
cluded, bio-physical factors are statistically signifi- 
carlt in about 64% (80%) of the partial (expanded) 
sample on average; the sign of the correlation with 
adoption, however, is inconsistent across studies. 

Soil qucllity: This variable is notoriously hard to 
measure, and consequently. i t  is inclitded in only 23% 
and 39% of the partial and expanded samples. Inves- 
tigators have employed a battery of subjective and 
objective criteria to measure soil quality and found i t  
to be statistically correlated with ;Idoption in 83'21 of 
the studies. Typically, poorer soil quality and severe 
threat of soil degradation are positively correlated 
with adoption. in the partial sample, the lack of a 
negative correlation with adoption suggests that, in 
some cases, soil quality may be so poor as to make 
investments in soil conservatio~i fittile. However, we 
find two such negative associations i11 the 'soil and 
water conservation' studies. 



Slope: The slope of the farmland, usually mea- 
sured in percentage terms, has been included in 23% 
of the partial sample and 32% of the expanded sam- 
ple. When included, it is statistically significant in 
60% (70%) of the partial (expanded) sample. As ex- 
pected, farmers owning steeper plots of land are gen- 
erally more likely to adopt agroforestry technologies. 

P l o ~  size: With an inclusion rate of 64% and 68% 
for the partial and expanded sample. plot size is a 
common variable in adoption studies and is found to 
be statistically correlated with adoption in approxi- 
mately 66% of the cases. However, the sign of the 
correlation is inconsistent across the studies. with 
about 50% (43%) of the partial (expanded) sample 
finding a positive association and 28% (24%) finding 
a negative correlation. This calls into question the 
'economies of scale' explanation of adoption; that is, 
a farmer with more land is more able andlor willirig 
to experiment with a new technology. Perhaps, a key 
issue is the extent to which other important variables 
have been omitted (due to data constraints), as a con- 
sequence of which plot size becomes a proxy for 
other features such as risk tolerance or econonlic 
compulsion. In other cases, plot size may be acting 
as a proxy for assets or wealth. 

Irrigation: This variable is included in 0% and 
10% of the partial and expanded samples of studies 
but is found to be sigrlificantly correlated with adop- 
tion in 100% of the expanded sample. Typically, the 
correlation is positive -suggesting that irrigated lands 
are more valuable and therefore worth the conserva- 
tion investment. The sole exception to this finding is 
a study by Patkinayak (2000) in which the negative 
correlation between irrigation and the adoption of 
erosion control is probably because of substit~~tion 
possibilities between different types of conservation 
investments. That is, as an alten~ative to erosion con- 
trol, farmers might choose to invest in contot~r farm- 
ing, which is positively correlated with irrigation. 

Risk and uncertaintj 

Variables measuring risk and uncertainty such as ten- 
ure, expel-ience, and training, are included in 39% and 
43% of the partial and expanded samples. Typically. 
these variables exert consitlerable statistical power in 
the estimated models, being significzlnt in over 70% 
of the cases when included. In general, greatet- uncer- 
tainty and risk are negatively correlated with the 
adoptiori choice. 

Tenut-P: Tenure is usually measured as whether the 
farmer is an owner (has tenure) or a renter (doesn't 
have tenure). Binary variables of this type have been 
included in 50% and 58% of the partial and expanded 
samples. Our review shows an unambiguous and con- 
sistent result for the tenure variable; landowners are 
more likely than tenants to adopt agroforestry and 
other conservation technologies. When included, the 
tenure variable is significant in 64-72% of the cases 
considered. 

Exper-irncr: We construct this measure based o n  
an array of variables reported by investigators that 
range from previous experience with farm-forestry 
and tree planting, to years of farming experience, to 
familiarity with the technology under consideration. 
The basic argument is that familiarity decreases the 
uncertainty associated with an investment with tlnpre- 
dictable returns. These types of experience based 
measures have been included in 45% (52%) of the 
partial (expanded) sample and exert considerable sta- 
tistical power - significant in 90% and 81% of the 
models that include them in the parti:11 and expanded 
samples. As expected, the sign on these variables is 
typically positive. 

Extension and Pairzing: Investigators typically re- 
port binary variables on whether the household or 
farmer has received any training in the techtiology 
under consideration or has any access to extension 
services. Such measures of 'extension and training' 
are found in 27% and 32% of the partial and ex- 
panded samples. They generate the expected positive 
correlation with adoption in 100%, (90%) of the par- 
tial (expanded) sample, when included. 

Mrmber.rhip: This variable measures whether the 
farmer or household is part of a comrnunity organi- 
zation or cooper-ativc. We can expect participation 
through groups and the support of a comrnuriity net- 
work to mitigate some of the uncertainties associated 
with new technology. ?'he groups and networks could 
also provide extension and training. Proxies of com- 
munity membership have been included in 32%: and 
29% of the partiiil and expanded samples. The varia- 
ble is significant in over 40% of the models with the 
expected positive correlation with adoption. 

Overall determinants of agroforestry adoption 

We review 32 agrofi~restry and related technology 
adoption stuilies to develop a nieta-data set of specific 
variables within the five classes of technology adop- 



tion factors. By applying vote-counting based meta- 
analysis to this data set, we provide a richer picture 
of agroforestry adoption than can be developed from 
a qualitative comparison of the individual study fea- 
tures and results. In this regard, the review highlights 
two kinds of meta-statistics on the empirical literature 
on agroforestry adoption: irlclusiorz and injfuence of 
factors. We find that 'preference proxies' and 're- 
source endowments' are most likely to be included in 
analyses of adoption, while 'bio-physical factors' are 
least likely to be included.' Specifically, over 60% of 
the studies include 'education', 'labor endowment', 
'plot size', and 'age'. Investigators either see themas 
critical determinants or (and) find them easier to mea- 
sure. 

Using the influence (significance) criteria, we find 
that adoption is most often statistically correlated 
with the risk, bio-physical factors, and resource en- 
dowments categories. This result would be sornewhat 
different if we measured significance conditional on 
whether the investigators included these factors in 
their regression models. Considering specific varia- 
bles, soil quality, plot size, extension and training, 
tenure, and assets exert the greatest statistical power; 
that is, when included they are statistically significant 
in the greatest number of cases. 

When we compare the general determinants and 
specific variables in the 'included' and 'statistically 
influential' sets, we find a far frorn perfect overlap. 
Before we jump to conclusions regarding the mis- 
match of attention and significance, consider some 
important caveats. First, as argued elsewhere (most 
poignantly by McCloksey and Ziliak (1996)), results 
reported in the published literature are heavily influ- 
enced by the bias against insignificance in scientific 
literature. In effect, investigators try very hard to find 
significance in their analyses and voluntarily or be- 
cause of convention often include only significant re- 
sults in their published papers. Second, we cannot 
claim that our set of adoption stttdies represents a 
random and, therefore, unbiased set. Orlr set may not 

"As orre reviewer pointed out, cli~n:~tic zones and severity of re- 
wurce dceratk~tion :Ire r:lrely included in agroforehtry studies. In 
gcner:ll. c h a t i c  zones and widespread rcsource degr:idation could 
:iffeet any one of the five cictcm~in:mts of agroforestry adoption - 
prt.fr,rnces, t-r.tourcr i~niIowmrr~l,s, rnorkrt irr<.c~nrivt,s, hiophysirirl 
jiz(.tor.s, and risk and urrrrrruinty. Unfortunately, i t  will he difficult 
for adoption studies of the types described :~nd analyzed in this pa- 
per to ev:hluate such factors in the sense of inclutling thern in re- 
gression ~nodels becliuse thehe factors t)pic;rlly w~ l l  not v:~? within 
the study region. However, we believe 11 would be useful to have 
some standardized report of lhcse f:rctors (because then they could 
poti.iiti:tlly be included in future metn-:lnnlyscs :tnd or considered 
in the design of future studies. 

represent the true popttlation of studies in part be- 
cause we engaged in a p~lrposive search of the pub- 
lished and gray literature to find studies that satisfy 
predetermined compatibility criteria of topical con- 
tent, empirical methods, analysis units, and variable 
measures. It also may not be random because the sci- 
entific literature is an evolving and organic phenom- 
enon, in which investigators are constantly building 
off previously published work that may have been 
published by their colleagues or by theniselves. Third, 
while we found that the direction of the correlation is 
unambiguous in most cases, statistical significance 
per se may not bc a very useful criteria for variables 
such as plot size that have an equal number of posi- 
tive and negative influences. Finally, statistical signif- 
icance tells only a part of the story. We could not 
estimate the magnitude of the effects because of in- 
sufticient details on the marginal probabilities of- 
adoption. 

Conclusions 

The policy and academic world has sustained a keen 
interest in technological change because of promises 
of economic growth and prosperity, particularly for 
parts of the developing world. We review approxi- 
mately 120 empirical studies (32 of which are studies 
on adoption of agroforestry and related technologies), 
with particular attention to the survey by Feder et al. 
(1985) to identify five key determinants of technol- 
ogy adoption: pref~rence.r, resource mrlowr~zents, 
nlarket incenrives, hio-physical factors and risk crrlrl 
uncertainty. These five determinants provide a useful 
organizing framework for conceptual and empirical 
evaluations of agroforestry adoption. We find that 
preferences and resource endowments are the most 
common factors studied while market incentives, risk 
and tlncertainty and bio-physical factors are examined 
less frequently. However, adoption behavior is most 
likely to be influenceti by risk, bio-physical, and re- 
source factors. Specifically, our review suggests that 
credit, savings, prices, market constraints, and plot 
characreristics are potentially important determinants 
of adoption behavior that have not been studied ad- 
equately. We hope researchers will take on the chal- 
lenge of measuring these factors and variables to in- 
clude in future studies. 

In reviewing these results, we recognize that some 
aspects of these studies rnust be technology specific. 
Clearly there will be something unique about each 



study that can only be uncovered by reviewing that 
particular study. However, as discussed in the intro- 
duction to this paper, individual studies have their 
own limitations. The goal of a literature synthesis, 
such as the meta-analysis in this paper, is to find ex- 
planations that hold across 21 range of agroforestry 
adoption studies and to offer general conclusions. 
With this purpose in mind, we have culled our sample 
to look only at tree-planting and contour hedgerow 
technologies, and to consider an expanded set of re- 
lated soil and water conselvation technologies. That 
is one reason why we report partial and expanded 
sample results throughout the study so that we can 
compare 'comparables' and make general statements. 

Nevertheless, some of the limitations discussed in 
the previous section also provide lessons for future 
research using more sophisticated types of meta-anal- 
yses. First, we assigned equal weights to all studies 
with no quality adjustments. I t  may be possible to 
conduct more discriminating analyses by developing 
quality-differentiated weights, based on publication 
source, sampling methods and size, and scientific 
rigor. Second, by collecting additional data, investi- 
gators could apply combined tests of significance and 
effect sizes. Finally, future work could include mod- 
erator variables and attempt meta-regressions with 
corrections for heteroskedasticity. 

All sophisticated meta-analyses rely, however, on 
even more purposive data collection exercises that 
pay attention to information on marginal probabilities 
of adoption (i.e., how a speciiic variable changes the 
probability of adoption). Because this will require 
contacting the authors directly for information be- 
yond what is typically provided in the publications, 
our experience with collecting the simpler data set for 
this study suggests that sticli ;i venture will have sig- 
nificant time and resource costs. The effort may well 
be worth the costs, however, because meta-regres- 
sions can generate at least three types of results. First. 
the sign and significance of coefficients in the meta- 
regression provide statistically defendable criteria by 
which to judge the influence of the variable in ques- 
tion - that is, not just the number of positive or nega- 
tive votes. Second, the analyst can exploit the varia- 
tion of marginal probabilities across studies to 
develop a generalized equation of marginal probabil- 
ity of adoption. This could explain how the influence 
of adoption factors changes in response to farmer, 
farm and project characrcristics. Finally, sufficient 
variation in factors across all or most studies could 
be used to develop a generali7.ed model of adoption. 

Such a model could be used by project administrators 
to predict adoption in new areas. 

Collectively these ideas suggest that statistical 
analysis of agroforestry adoption using household 
survey data comprise a narrow but potentially insight- 
ful subset of the empirical literature on agroforestry 
adoption. Based on the ideas discussed in the previ- 
ous paragraphs and the growth in numbers of such 
studies in the published literature, we believe that 
journals should consider standardizing the reporting 
requirements for this literature. In the best scenario, 
authors of such studies could be encouraged to con- 
sider the full range of factors discussed in this paper 
and report basic descriptive statistics and marginal 
probabilities. By standardizing the reported results, 
journals and editors would facilitate more sophisti- 
cated meta-analyses to learn from the growing body 
of agrofhrestry adoption research in a scientifically 
rigorous manner. In evaluating this suggestion. we 
clarify that agroforestry adoption is a complex pro- 
cess that can only be truly understood and explained 
by using multiple methods and data (quantitative and 
qualitative), not just statistical models of household 
survey data. Thus, journals such as Agroforesrry Sys- 
tems and Agricultural Econon~ics must certainly be 
open to publishing studies using different methods 
and data. 

Several studies in Current et a]. (199%) and Fran- 
zel and Scherr (2002) illustrate alternative methods 
and data and offer vital insights on agroforestry. Par- 
ticularly, they can help us understand the farmers' 
preferred way to learn about agroforestry, who within 
the farming household makes the decision about agro- 
forestry adoption, the perceived benefits of agrofor- 
estry and stated motivations for adopting the technol- 
ogy, the extent and pal-ticular technologies adopted, 
and efficient design and dissemination of agroforestry 
technology. Their approach is perhaps best for ati- 
dressing issues such as the viability of particular tech- 
nologies in different environments. Thcir approach 
also allows greater attention to the extent of adoption. 
which is defined differently across studies and there- 
fore less amenable to comparison than the binary 
adoption decision that we consider. However, their 
approach cannot pinpoint the differences between 
adopters and non-adopters, due to lack of inforn~ation 
on non-adopters. Non-adopters may have had some of 
the same reasons to adopt agroforestry but still not 
have adopted due to socioeconomic constraints. The 
contributioli of the studies evaluated in this meta- 
analysis is to advance understanding of the character- 



istics of farmers and their farms that affect adoption 
of agroforestry. 
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